This paper analyzes travelers' choice behavior by using data from a stated preference survey on work-trip mode choice in Shanghai. Several versions of a multinomial choice model are specified and estimated. According to the estimation results the utility function with money cost divided by income adjusted by an equivalence scale is chosen as the preferred model. Based on the estimation results from the preferred model, value of time, elasticities of aggregate mode choice with respect to income, cost, travel and waiting time, are computed. The conditional elasticities given low, middle and high adjusted income levels are calculated and discussed as well. The results obtained may be useful for transportation policy makers in Shanghai. 
Introduction
As one of the economic centers in China, Shanghai's rapid economic growth in recent years has induced enormous intra-and inter-city transportation demand. To ensure the development of an efficiently functioning market economy, the government has decided to continuously promote the construction and management of transportation systems in Shanghai (Zhou, 1998) . To this end, it is of crucial importance to acquire as much information about travelers' behaviour as possible. Only if the decisions associated with transportation construction and management are based on this information, can economic efficiency be achieved.
In this paper, we carry out an econometric analysis on work-trip mode choices based on data obtained from a survey conducted in Shanghai in the summer of 2001. Probabilistic discrete choice models based on random utility representations are applied. 1 In such models, a traveler is typically assumed to derive his/her utility from the attributes of work-trip mode alternatives. To account for the fact that some of these attributes may not be observed by the researcher, the utility function is allowed to depend on a random error term. This random error term also represents unobserved heterogeneity in preferences across observationally identical travelers.
Information from work-trip mode choice analyses is of great help for decision-makings. For instance, the value of time that measures the trade-off between travel time and travel cost can be derived from the analyses and used by decision makers to undertake a priori evaluation among alternative transportation construction projects and/or management measures. Such models can also be applied to assess the responsiveness of demand for various transportation modes to changes in policy relevant variables such as travel cost or travel time. This is typically done by calculating the elasticities of choice probabilities with respect to the relevant attributes of transportation modes.
When formulating empirical models, researchers usually have limited information about the structure of the utility functions of the travelers. For example, it is not clear whether and how a traveler's income should enter the utility function.
In some cases (e.g., Jara-Diaz and Ortuzar, 1989) travel cost is divided by the traveler's income to reflect the presumption that a traveler with a high income is less concerned about money cost than a traveler with a low income. In other cases travel time is multiplied by the traveler's income to reflect the presumption that a traveler with a high income is more concerned with time lost than a traveler with a low income (e.g., McFadden, 1974) . Train and McFadden (1978) presented a goods/leisure trade-off model that enabled one to find how wage should enter a representative utility function by estimation rather than specified a priori. Jara-Diaz (1991) generalized this approach to a generalized expenditure rate model. In Liu (2003) , an approach similar with Jara-Diaz (1991) was employed to specify different models for analysing work-trip mode choice in Shanghai. However, in all the models mentioned above the direct utility functions are restricted as either Cobb-Douglas or its generalized functional forms from which the corresponding indirect utility functions were derived.
In this paper, we depart directly from a general indirect utility function without imposing any restrictions on its functional form. In addition, by allowing for heteroscedastic error terms in the utility function, we show that whether and how income should enter a utility function can be tested against our sample data.
The rest of the paper is organized as follows. Section 2 provides a brief overview of the survey and the data obtained. In section 3, the model specifications are discussed. Section 4 presents the empirical model evaluation and estimation results. Based on the results from the preferred model, the value of time and sample aggregate elasticities of choice probability are computed in Section 5.
Some discussions on elasticities of the choice probabilities within the sample are also made. Section 6 concludes.
Surveying Work-trip Transportation Modes in Shanghai
The data used in this paper comes from a survey conducted in Shanghai in the summer of 2001 and is reported in Liu (2001) . In the survey, totally 100 respondents were selected in the central Shanghai area. The survey consists of three parts, of which only two are relevant to this paper. One part concerns respondents' household characteristics such as age, gender, education, occupation, family size, number of family workers and income level, etc. The other part yields information about the respondents' actual and potential work-trip mode choices.
In order to obtain as much information as possible from a small size sample, the stated preference (SP) method was combined with the conventional revealed preference (RP) method. While the RP method emphasizes respondents' observed (real) choice behavior, the SP method yields respondents' stated choices in hypothetical choice situations, and thus, has the advantage of costeffectiveness. 2 In particular, the use of the SP method enables one to obtain ranking choice data, and at the same time, obtain information about the respondent's specific choice set. In contrast, the RP method only yields the (revealed) first choice. Since ranking choice data contain more information, such data can improve the efficiency of the model estimation.
The survey was carried out by face-to-face interviews. First, we asked each respondent which transportation mode he/she usually chose for going to work place among a universal choice set.
The universal set of choice alternatives consists of 16 transportation mode alternatives: 1 = "Walk"; 2 = "Bicycle"; 3 = "Bus"; 4 = "Subway" 3 ; 5 = "Company owned bus or car"; 6 = "Taxi"; 7 = "Motorcycle"; 8 = "Scooter" 4 ; 9 = "Private car"; 10 = "Bicycle + Bus"; 11 = "Bicycle + Subway"; 12 = "Bicycle + Company owned bus or car"; 13 = "Bus + Subway"; 14 = "Bus + Company owned bus or car"; 15 = "Bus + Taxi"; 16 = "Taxi + Subway". Subsequently, we asked the respondent to specify the attribute values associated with the chosen alternative mode, i.e., "In-vehicle time", "Out-ofvehicle time" and "Money cost", for a one-way work trip. The "Out-of-vehicle time" comprises mainly walking and waiting time.
Second, we asked what his/her second preferred choice would be on the assumption that his/her most preferred choice was not available. Third, we asked what his/her third preferred choice would be in the case when his/her previously preferred two choices were not available. For the second and third questions, we also asked the respondent about the attributes of the respective alternative modes.
We continued this procedure until the respondent told us that no more alternatives were left in his/her choice set. In this way we in fact obtained the actual individual choice sets. After the survey was finished, we found that there was no one in the sample who perceived they had more than three transportation modes in their choice sets. However, individual specific choice sets of the travellers varied a lot across the sample.
Among the 100 respondents, a few of them specified only one mode in their choice set and some told that the same transportation mode appeared more than once in the sequential ranking choices, all of which were considered not to conform to our model settings. Therefore, we removed these respondents and ended up with a sample of 91 respondents. Table 1 presents the distribution of the sample observations across all the 16 work-trip modes for the first choice, second choice, third choice and the sum of these three choices across the sample. For the first choice, which is the actual choice made by the travelers, "Bus"(3), "Bicycle"(2), "Subway"(4) and "Walk"(1) accounts for 74 percent of the 91 observations. If taking into account the combination modes, the ratio of these four modes will be even higher, which is consistent with other research results in Shanghai (Chen and Xie, 2001 ).
On the assumption that the first choice is not available for the respondents, we found most respondents would switch to take taxi instead. As a result, "Bus"(3), "Taxi"(6), "Bicycle"(2) and "Subway"(4) account for 79 percent of the sum of all observations. The fact that the number of the third choices is 43 (less than 91) is due to the reason that many respondents in the sample only have two alternative transportation modes in their choice sets. In Table 2 we display a summary statistics of individual and households' characteristics of the sample, which are relevant to the empirical estimation in Section 4. In Table A1 in appendix A, more information on the characteristics as well as the specific choice sets of all the 91 respondents are reported. 
Model Specifications
By taking first order Taylor expansion of nj V in (2), we obtain β , 2 β and 3 β are parameters to be estimated. Note that we have omitted all terms that are not transportation mode specific since only utility differences matter when the traveler compares alternatives (See (9) and (10) below).
To account for possible heteroscedasticity, assume further that the random error term nj µ has the structure as follows: 
and γ is a parameter to be estimated.
We note that when 0 > γ the variance of the error term increases by income, and this may be interpreted as that a traveler with higher income tends to care more about unobserved attributes such as comfort, punctuality, flexibility, etc. than costs and traveling times. As a result, he/she may take taxi one day for the purpose of comfort and switch to bicycle riding another day just for exercise.
Certainly, the real situation could very well be the other way around. One may argue that a decreasing variance by income when 0 < γ may be due to that the traveler with higher income is more conscious about costs and traveling times when making choice compared with his/her counterpart with lower income. Clearly, when 0 = γ , there is no heteroscedasticity in the error term.
Combining (3) and (4) and making use of the property that utility is invariant under rescaling, the utility function nj U is equivalent to
Eq. (7) has a functional form similar with those adopted in Train and McFadden (1978) and Jara-Diaz (1991). However, the motivation differs from theirs. In both Train and McFadden (1978) and Jara-Diaz (1991), the Cobb-Douglas (or its generalized) functional forms are assumed for the direct utility function from which the corresponding indirect utility function was derived. The approach employed in this paper departs directly from a general indirect utility function (1), with no restrictions on its functional form, but approximated by first order Taylor expansion. In addition, we allow for heteroscedastic error terms in the utility function. In order to examine whether income should enter into the utility function or not, we also construct a model without income term in the specification of nj V , namely,
As a matter of fact, (8) can also be derived by taking first order Taylor expansion of nj V in (1) and neglecting all terms that are not transportation mode specific. The specification in (8) is referred to as Model 4 in this paper.
Under the above assumptions, the probability 
In the present study, we will also make use of the rank ordering data that comes from a deliberately designed survey (see Section 2). Now suppose we can observe traveler n 's second preferred choice, it also follows from the setup above that the probability ( ) njk n Q S that traveler n sequentially chooses alternative j first and k second is (Strauss, 1979; Beggs et al, 1981; McFadden, 1984) (10)
Empirical Results
Given the probability of traveler n choosing alternative mode j as shown in (9), the maximum likelihood estimation method will be used and the relevant Log likelihood function for the sample, ( ) L β , can be written as
where 1 if chooses 0 otherwise,
and N is the sample size and equal to 91 in this paper.
When rank ordering data are used, the choice probabilities are given by (10) and the correspondent log likelihood function for the sample can be written as
where 1 if chooses first and second 0 otherwise.
The maximum likelihood estimates obtained by maximizing (11) and (12) are reported in Tables B1, B2 and B3 in Appendix B. Note that the small size of the sample and the relatively large universal choice set makes it impossible for us to estimate alternative mode specific constants in our models.
It can be observed from Tables B1, B2 and B3 that the coefficient estimates by using only first choice data differ not considerably from those by using rank ordering data, which may indicate that the property of the independence from irrelevant alternatives (IIA) assumed by the error terms in (6) holds true. As regards the income term n I in (7), we have tried total family income, income per capita as well as family income divided by an equivalence scale equal to the square root of family size in the estimations. This type of equivalence scale is used in many countries. Taking Model 1 as an example, the intuition of using per capita income instead of family income is to reflect that traveler n 's disutility resulting from money cost in a family with larger size might be greater than that in a family with smaller size. The purpose of using family income divided by square root of family size is to reflect possible decreasing return of disutility with respect to family size.
In general, the estimation results indicate that, compared with those by using total family income, the Log likelihood increases, though not so much, as a result of using either income per capita or income adjusted by the equivalence scale both for the case with first choice data and for the case with rank ordering data.
To test statistically which one, Model 1 or Model 2, is better (more consistent with the data) than the other, the usual likelihood ratio tests are implemented with restrictions being 0 = To summarize, the evidence points towards Model 1 being the model that fits the sample data best among the model specifications estimated in this paper. Accordingly, we take Model 1 as our preferred model. Considering the income term in the preferred Model 1, the log likelihood seems to be larger when using income per capita than using income adjusted by the equivalence scale. However, the difference is not substantial, given the size of our sample. Furthermore, because of two reasons, we finally end up with using income adjusted by the equivalence scale in the model estimation. The first reason is that family income divided by an equivalence sale (here square root of family size) is more reasonable, especially for households who have small children or old people as dependents. In that situation, income per capita may not reflect the true budget constraints faced by the households. The other reason is of empirical concern. By using rank ordering data, the estimated coefficients using income per capita in the general model (Model 3) are not significant except for parameter γ ; in contrary, all coefficient estimates are significant when using income adjusted by the equivalence scale.
In Table 3 we report the parameter estimates and other statistical information for the preferred model (Model1) by using income adjusted by the equivalence scale.
We see that all the estimated parameters in Table 3 are highly significant and with expected sign. Although larger (absolute) value of the coefficient of "Out-of-vehicle time" compared with that of "In-vehicle time" may suggest that "Out-of-vehicle time" is more burdensome than "Invehicle time", they are, however, not significantly different from each other. ρ simply ignores this information and uses as reference a choice set of 3 alternatives with choice probability equal to 1/3. Therefore, the difference between the two "goodness of fit" measures reflects the importance of the heterogeneity in the sizes of the individual choice sets across the sample. Comparing the mean sample wage with the value of "In-vehicle time" and the value of "Out-of-vehicle time", we find that the value of "In-vehicle time" is 75 per cent of the mean wage while that of "Out-of-vehicle time" is equal to the mean wage, approximately.
Value of Time and Elasticities of Choice Probability

Value of Time
∂ ∂ = = ∂ ∂ nj ij n nj j V t I V c β β ,(15)
Elasticities of Choice Probability
As with any demand study, elasticity measures the responsiveness of demand to changes in policyrelevant variables and is of great importance. In defining elasticities for discrete choice models, we must distinguish between disaggregate and aggregate elasticities. A disaggregate elasticity represents the responsiveness of an individual n 's choice probability of choosing alternative j , nj P , to a change in the value of some attribute of alternative j , jw x (own-elasticity) or some attribute of other alternative q , qw x (cross-elasticity). It can be calculated as 
Clearly, this definition of aggregate elasticity is simply a weighted average of the disaggregate elasticity using the choice probabilities as weights. Aggregate income elasticity of choice probability can be easily derived similar to (19).
In Table 4 we report predicted aggregate choice probabilities and aggregate income elasticities as well as own-and cross-elasticities of choice probabilities of choosing "Bicycle", "Bus", "Subway" and "Taxi" with respect to "Money cost", "In-vehicle time" and "Out-of-vehicle time". 9 The elasticities in the table can be read such that the value -0.270 in the fourth row and the fifth column refers to the own-elasticity of choice probability of choosing "Bicycle" with respect to "In-vehicle time" and the value 0.058 in the same row and the sixth column is the cross-elasticity of choice probability of choosing "Bicycle" with respect to "Money cost" of choosing "Bus". Notes: 1 For the first choice in the sample (See Table 1 ); 2 Attributes for transportation modes are c -"One-way work-trip money cost (yuan)", t i -"In-vehicle time (minute)" and t o -"Out-of-vehicle time (minute)"; 3 "Money cost" and "Out-of-vehicle time" by taking "Bicycle" are zero; 4 No cross-elasticity of "Bicycle" with respect to attributes of "Subway" due to only a few observations; 5 "Out-of-vehicle time" by taking "Taxi" is zero; 6 Income adjusted by the equivalence scale (10000 yuan per month).
Recall that even the sample in this study is far from representative for the Shanghai city, the model can still be consistently estimated provided the random error terms in the utility function are identically and independently distributed as well as independent of the systematic part of the utility function. However, when we make prediction beyond the sample, due caution must be taken. 9 Because the observations for the other alternative modes are limited, we don't report them in the table.
Therefore, it should be noted that the aggregate results in Table 4 are probably not representative for the corresponding elasticities for Shanghai. Table 4 reveals that the predicted choice probabilities are quite close to the actual shares of choosing "Bicycle", "Bus", "Subway" as the first choice in the sample. 10 The higher predicted probability of choosing "Taxi" is due to the dominance of this transportation mode in the second and third preferred modes in the rank ordering choices, of which we make use for the model estimation.
Aggregate income elasticities suggest that "Bicycle", "Bus" and "Subway" seem to be "inferior" modes while "Taxi" seems to be a "luxury" one for individuals in the sample.
The own-elasticity, -0.528, of the choice probability of choosing "Bus" with respect to "In-vehicle time" is the largest one compared to those to other attributes, which indicates that "Bus" riders in the sample are most sensitive to the length of time onboard. In regard to the attributes of "Subway", it seems that "Out-of-vehicle time" (waiting and walking time) is the most important.
Concerning the mode of "Taxi", the respondents seem to be more sensitive to the money expense since the own-elasticity of the probability of choosing "Taxi" with respect to "Money cost" has the largest (absolute) value even in the whole table (-1.598).
Next we report the elasticities of choice probabilities with respect to income as well as the attributes of various transportation modes conditional on given income levels and the distribution of attributes of various transportation modes. Due to the presence of heterogeneity across individuals' choice sets, it is difficult to find a representative traveler in order to illustrate the effect of different income level on these conditional elasticities. Instead, we choose to report conditional aggregate elasticities, given low, middle and high income adjusted by the equivalence scalel as (per month) 1250 yuan, 4500 yuan and 8750 yuan, respectively. These elasticities are computed by aggregating across the choice sets conditional on the respective income levels and the distribution of choice sets. Thus, the results presented in Table 5 can be interpreted as being relevant for a population with the respective income levels, and where the distribution of the choice sets and levels of attributes are the same as in our sample. Notes: 1 See Notes in Table 4 ; 2 Low, Middle and High income adjusted by the equivalence scale are chosen as (per month) 1250 yuan, 4500 yuan and 8750 yuan, respectively. Table 5 shows that conditional on given income, the higher the income is, the larger the share choosing "Taxi" will be but the smaller the shares choosing "Bicycle" and "Bus" will be. The share choosing "Subway" increases with income from low to middle level but decreases from middle to high level. Conditional income elasticities show that "Bicycle", "Bus" and "Subway" are "inferior"
alternative modes for those with high and middle income levels while for those with low income only "Bicycle" is an "inferior" alternative. "Bus" and "Subway" are "normal" goods for them. "Taxi" seems to be a "normal good" for all income levels and a "luxury" good specifically for those with middle income.
In terms of own-elasticities, the results in Table 5 show that individuals with high and middle income levels care more about the time cost than those with lower income levels. Individuals with high and middle income also care less about the money lost than those with lower income except for those with low income choosing "Taxi". It might be due to the very low choice probability of choosing "Taxi" alternative for those with low income. This explanation is also supported by the low cross-elasticities of choosing "Taxi" with respect to the attributes of other transportation modes for those with low income.
Individuals with high and middle income levels care most about "In-vehicle time" of choosing "Bus" and "Money cost" of choosing "Taxi". For individuals with low income, the "Money cost" and "In-vehicle-time" of choosing "Bus" seem to be more important attributes.
Conclusions
By means of data from a stated preference survey, this paper analyzes work-trip mode choice behavior in Shanghai. Several versions of a multinomial choice model have been specified and estimated.
Estimation results indicate that the utility function with money cost divided by income per capita fits the data best. However, the differences of fitness ( Although larger (absolute) value of the coefficient of "Out-of-vehicle time" compared with that of "In-vehicle time" may suggest that "Out-of-vehicle time" yields more disutility than "Invehicle time", the respective estimates are not significantly different. In general, travelers with higher income care more about time loss and less about money cost than those with lower income. "Bicycle"
seems to be an "inferior" mode for all the income levels while "Bus" and "Subway" are also "inferior" for higher income levels. "Taxi" is a "normal" mode for all the income levels and a "luxury" mode in particular for the middle income level.
The results also show that "In-vehicle time" of choosing "Bus" and "Money cost" of choosing "Taxi" are more important attributes for those with higher income levels. While for those with lower income, "Money cost" and "In-vehicle time" of choosing "Bus" seem to be more important.
Therefore, if the model is correct, these attributes may be used as policy-relevant variables by transportation policy makers in Shanghai. Notes: 1 F = Female, M = Male; 2 A = below high school, B = high school, C = middle specified school, D = high specified school, E = undergraduate, F = master, G = doctor; 3 1 = "Walk", 2 = "Bicycle", 3 = "Bus", 4 = "Subway", 5 = "Company owned bus or car", 6 = "Taxi", 7 = "Motorcycle", 8 = "Scooter", 9 = "Private car", 10 = "Bicycle + Bus", 11 = "Bicycle + Subway", 12 = "Bicycle + Company owned bus or car", 13 = "Bus + Subway", 14 = "Bus + Company owned bus or car", 15 = "Bus + Taxi", 16 = "Taxi + Subway"; 4 "-" = No third choice. 
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